This review presents the evidence that chronic obstructive pulmonary disease (COPD) is associated with significant sinonasal symptoms, inflammation and airway obstruction. Upper airway symptoms in COPD cause impairment to quality of life. The severity of upper airway involvement relates to that present in the lower airway, suggesting that the nose may be used to model the lung in COPD. More importantly, relationships between upper and lower airway bacteria and inflammation, and the association between sinusitis and treatment failure at exacerbation raise the possibility that nasal intervention in COPD may not only improve health status but may also affect important clinical outcomes such as exacerbation frequency.
It is not widely appreciated that chronic obstructive pulmonary disease (COPD) is associated with sinonasal (upper airway) involvement, a concept that might at first seem surprising given that COPD is defined by the presence of inflammation and airflow limitation in the lung. 1 However, noxious stimuli to the lung must enter the lower airways via the upper airways, and the airways are in continuity such that this distinction is itself artificial. Additionally, as discussed elsewhere in this series, there are recognised associations between rhinitis and asthma, and these conditions may represent the upper and lower airway manifestations of a single allergic airways disease. This review summarises the evidence supporting sinonasal involvement in COPD, interactions between the upper and lower airway, and the mechanisms and implications that may result from such interaction. Given that COPD is associated with lower airway symptoms, inflammation and airway obstruction, it would seem appropriate to assess whether these features are also present in the upper airway. However, it is important first to consider the effects of cigarette smoke on the nose.
CIGARETTE SMOKE AND THE NOSE
Unlike asthma-rhinitis, where the nasal airway is probably exposed to a greater allergen load than the lung, most cigarette smoke bypasses the nose and reaches the lung via the mouth. The nasal airway may be exposed to a proportion of the sidestream smoke (which originates from the tip of the cigarette and otherwise escapes to the atmosphere). This contrasts with the lung which predominantly receives mainstream smoke, inhaled through the cigarette itself via the mouth. A proportion of smokers exhale smoke through the nose.
The strongest association between nasal pathology and smoking is for malignant disease (though these tumours are not common), and there is much less evidence that cigarette smoking per se results in a specific nasal inflammatory disease analogous to COPD. 2 Indeed, surprisingly little is known about non-malignant histological changes in the nose due to cigarette smoke exposure. Nasal pathology does appear to be more common in smokers. 3 Analysis of the US NHANES II data suggested that smokers have a higher prevalence of upper respiratory tract diagnoses than non-smokers, 4 whilst in a study of 191 men, current smoking was associated with a fivefold increased risk of chronic rhinitis in a dose-dependent manner. 5 Nasal mucociliary clearance is prolonged in smokers compared with non-smokers, and longest in smokers who regularly exhale through their nose. 6 There is also evidence that cigarette smoking is associated with increased nasal resistance. 7 In summary, although the available data are sparse, it does appear that active cigarette smoking is associated with an increased prevalence of nasal disease and therefore when assessing whether there is sinonasal involvement in COPD appropriate correction for smoking status must be considered.
NASAL SYMPTOMS IN COPD
This was addressed by one of the first studies ever to investigate the possibility of sinonasal involvement in COPD. 8 Montnemery et al conducted a large questionnaire-based study from a random selection of a Swedish population in which information on the presence of chronic nasal symptoms and a self-reported diagnosis of COPD was available for 8469 subjects. Thirty-three percent of the total population reported recurrent or persistent nasal symptoms, compared with 40% of the subjects self-reporting COPD. Recurrent or persistent nasal symptoms were also more prevalent in current smokers than in non-smokers. Although the study is limited by the absence of spirometry to confirm the presence of airflow obstruction, these were the first data to suggest a higher prevalence of nasal symptoms in COPD than in the general population, and a higher prevalence in COPD than in smokers as a whole. In a recent follow-up to the original study, the presence of nasal discharge or nasal blockage in the original survey approximately doubled the risk of a subsequent incident diagnosis of COPD over an 8 year period. 9 A second epidemiological survey, by van Manen et al, 10 investigated the prevalence of self-reported comorbidities in 290 patients with irreversible airflow obstruction and in 421 controls. The prevalence of sinusitis in the controls was 2.5%, compared with 12.4% in the subjects with airflow obstruction, equivalent to an adjusted odds ratio (OR) of 6. It is likely that a proportion of the patients with airflow obstruction had chronic asthma rather than COPD.
Roberts et al
11 were the first to assess the prevalence of chronic nasal symptoms in a population with COPD confirmed at spirometry. In 61 patients with moderate to severe disease (mean forced expiratory volume in 1 s (FEV 1 ) 0.98 litre, 37% predicted), 75% reported regularly experiencing nasal symptoms when stable, the most common of which was rhinorrhoea (fig 1) . Importantly, nasal symptoms were no less prevalent in the ex-smokers, suggesting that nasal symptoms are not solely due to active smoking and that they persist following smoking cessation. Nasal symptoms were also more common in patients with chronic sputum production.
Not all investigators have found an increased prevalence of nasal symptoms in subjects with COPD. A study from Greece compared the prevalence of rhinitis in subjects with and without COPD. 12 COPD was confirmed with spirometry, and rhinitis was defined by the presence of nasal symptoms together with objective evidence of reduced nasal airflow at rhinomanometry. Of the 6112 subjects assessed, 6% had COPD and 25% had rhinitis. The prevalence of rhinitis was higher in smokers than in both ex-smokers and never-smokers (30, 27 and 20%, respectively) , but the prevalence of rhinitis in COPD (28%) was not significantly different from the prevalence in subjects without COPD (25%). Notably, the patients with COPD in this study were likely to have had milder disease than those studied by Roberts et al.
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In conclusion, it seems likely that COPD is associated with a higher prevalence of chronic nasal symptoms than found in control subjects, not solely attributable to active cigarette smoking and which persist after smoking cessation. The presence of chronic nasal symptoms suggests that COPD may be associated with chronic rhinosinusitis. Difficulties in assessing sinonasal disease using symptoms alone has led national 13 and international 14 guideline committees additionally to require objective evidence of disease on physical examination or imaging studies. To date there are no reports of sinonasal imaging in COPD, but further evidence of sinonasal involvement has been provided by studies of nasal inflammation. These are discussed further in the following section.
NASAL INFLAMMATION IN COPD
A number of studies have now demonstrated that stable COPD is associated with increased nasal inflammation, and these are summarised in table 1.
The first study to assess nasal inflammation in COPD was published in 2003. Nihlen et al 15 performed nasal lavage before and after histamine challenge in 23 patients with COPD and 26 controls, each group containing both current smokers and never-or ex-smokers. Although there were no differences in the concentrations of inflammatory markers between the subjects with COPD and controls at baseline, prior to the histamine challenge, this probably reflected the methodology employed in which initial nasal wash samples were discarded. Histamine challenge resulted in a greater nasal neutrophil response in the subjects with COPD compared with the controls (assessed using myeloperoxidase), greatest in the subjects with COPD reporting nasal symptoms who also had an increase in nasal fucose concentration (a marker of mucinous secretion). The authors concluded that ''individuals suffering from both COPD and nasal complaints exhibited greater nasal neutrophil activity and secretory responsiveness than COPD patients without nasal symptoms''. 15 The study is open to criticism regarding the inclusion of current, ex-smokers and never-smokers (thus being unable to Current and ex COPD, chronic obstructive pulmonary disease; ECP, eosinophil cationic protein; FEV 1 , forced expiratory volume in 1 s; G-CSF, granulocyte colony-stimulating factor; IFNc, interferon c; IL, interleukin; IP-10, interferon c-induced protein 10; a2M, a-2-macroglobulin; MIG, monokine-induced by IFNc; MCP-1, monocyte chemotactic protein-1; MPO, myeloperoxidase; VEGF, vascular endothelial growth factor. differentiate any inflammation caused by current smoking from that associated with COPD), and the experimental design which probably biased against detecting differences between subjects with COPD and control subjects in the baseline state.
We developed this initial description of nasal inflammation in COPD by performing a study that included a smoking-matched control group, and which additionally assessed relationships between nasal and bronchial inflammation. 16 Even following smoking cessation, COPD was associated with greater nasal inflammation than that present in an ex-smoking or neversmoking control group of similar age and sex distribution. Moreover, the degree of nasal inflammation reflected that present in the lung, as evidenced by a significant correlation between the concentration of interleukin 8 (IL8) in matched nasal wash and sputum samples (fig 2) . Bacterial colonisation is an important phenomenon in COPD, and patients with lower airway colonisation both had a higher total nasal bacterial load and were more likely to experience postnasal drip. Similarities between upper and lower airway inflammation in COPD are therefore also associated with relationships between upper and lower airway bacterial carriage. Eradicating upper airway pathogens in the critical care setting is associated with a reduced risk of ventilator-associated pneumonia, 17 and such an approach deserves investigation in COPD.
Hens et al recently reported a study enrolling fewer patients, but which assessed a greater number of nasal inflammatory markers. 18 Patients with COPD had higher nasal concentrations of eotaxin, granulocyte colony-stimulating factor (G-CSF), and a trend to higher interferon c concentrations than control subjects, without significant differences in IL1b, IL8, IP10 (interferon c-inducible protein 10), MIG (monokine induced by interferon c), MCP-1 (monocyte chemoattractant protein-1) or VEGF (vascular endothelial growth factor). This study did not control for the effects of active cigarette smoking, and with multiple comparisons in a small group of subjects there is the attendant risk of type I and type II errors. However, this is also the only study to date that has reported nasendoscopy findings in patients with COPD. There were more signs of nasal inflammation in the patients with COPD than in the controls, though the assessor was not blinded to the presence or absence of disease. As with the study by Hurst et al, 16 the concentrations of inflammatory markers in the nose were not significantly related either to indices of airflow obstruction or to the severity of nasal symptoms.
Vachier et al 19 took a different approach and assessed paired nasal and bronchial biopsies in smokers with and without COPD, and non-smoking controls. The patients with COPD had mild disease with a median FEV 1 of 67% predicted, none had nasal symptoms and none was prescribed inhaled corticosteroids. Smoking was associated with squamous metaplasia and infiltration of the nasal and bronchial mucosa with CD8 + cells. There were differences between the smokers with and without COPD in the number of eosinophils (fewer in COPD), neutrophils and macrophages (both more abundant in smokers with COPD), suggesting that COPD is associated with further increases in nasal inflammation over that due to smoking alone. The study did not report on relationships between the relative severity of upper and lower airway inflammation in the subjects with COPD.
These four studies 15 16 18 19 are the only reports to date that have examined the presence of sinonasal inflammation in stable COPD. However, approaching the question from a rhinological perspective, two studies by Ragab et al also warrant discussion. 20 21 These examined lower airway involvement in a small number of patients with chronic rhinosinusitis who had failed medical treatment. Sixty percent were found to have lower airway symptoms or spirometric abnormalities (though the methodology does not permit a distinction between asthma and COPD). 20 Moreover, patients who had asymptomatic airflow obstruction had a higher proportion of neutrophils in sinus washings than those with normal spirometry, and the number of these neutrophils correlated with the degree of airflow obstruction. 21 This provides further evidence of relationships between the degree of upper and lower airway involvement in these patients, though the results are difficult to interpret with specific regard to COPD.
Exacerbations of COPD are important events resulting in considerable morbidity and mortality. Exacerbations are associated with further increases in both lower airway and systemic inflammation, 22 and there are also data examining nasal inflammatory changes at exacerbation. In a small pilot study of experimental rhinovirus-induced exacerbations, there was an increase in nasal IL8 concentration over baseline which peaked on day 4 following inoculation, coinciding with the peak in nasal viral load. 23 Interestingly, patients with COPD needed a very low dose of virus to become infected, and it is tempting to attribute this to increased nasal inflammation. The major subtype of rhinovirus enters cells through association with intercellular adhesion molecule-1 (ICAM-1), a receptor that may be upregulated in response to inflammation. In support of this hypothesis, patients prone to frequent COPD exacerbations have greater airway inflammation in the stable state 24 and are also more susceptible to developing colds. 25 Only one study has investigated nasal inflammation in naturally occurring exacerbations. 22 We reported that markers of nasal inflammation were higher in patients at exacerbation than at baseline, and (as at baseline) there was a significant correlation between the degree of upper and lower airway inflammation. The presence of nasal rhinovirus was associated with a higher nasal wash IL6 concentration than that present in non-rhinoviral exacerbations, raising the possibility that nasal wash indices may prove useful biomarkers of exacerbation aetiology. In contrast to the baseline state, at exacerbation there were significant correlations between the severity of nasal symptoms and the nasal wash concentrations of both IL6 and IL8. In summary, there is accumulating evidence that patients with COPD have upregulated nasal inflammation compared with controls, additive to that associated with current cigarette smoking. This inflammation persists after smoking cessation, and the magnitude correlates with that present in the lower airway. There are also relationships between upper and lower airway bacterial carriage. Nasal inflammation is further upregulated at exacerbation, and the magnitude of the nasal inflammatory response at exacerbation relates to the severity of nasal symptoms.
NASAL AIRWAY OBSTRUCTION IN COPD
COPD is defined by the presence of airflow obstruction in the lung 1 and it is therefore plausible that sinonasal involvement in COPD might result in obstruction to the nasal airway. Although the mucosa of the nasal and pulmonary airways are similar, both formed of pseudostratified columnar ciliated epithelium, there are significant differences in the submucosa, and this has important implications for the generation of airway narrowing. Airway obstruction in the nose is predominantly caused by engorgement of venous sinusoids, in comparison with the lung where smooth muscle tone, thickening of the airway wall and excess mucus are major contributors.
We have assessed nasal airway obstruction in COPD using acoustic rhinometry, 26 a non-invasive technique in which a reflected sound pulse is used to model nasal cross-sectional area as a function of distance into the nose. It is important to remark that acoustic rhinometry measures nasal airway rather than airflow obstruction, and that there are at present no reports of changes in nasal airflow in patients with COPD. The portion of the nasal airway most susceptible to inflammatory obstruction can be recognised on a rhinometry trace as the second minimum cross-sectional area (MCA2). We have reported a significantly lower MCA2, reflecting a narrower nasal airway, in patients with COPD experiencing chronic nasal symptoms compared with those without such symptoms. 26 There was also a significant correlation between the severity of nasal airway and pulmonary airflow obstruction, 26 the magnitude of which was similar to that described between upper and lower airway IL8 concentrations. 16 This therefore provides further evidence that nasal involvement in COPD is similar in effect and magnitude to that occurring in the lung.
MECHANISMS OF INTERACTION BETWEEN THE UPPER AND LOWER AIRWAY IN COPD
Taken together, the evidence presented above demonstrates that patients with COPD have more nasal symptoms than controls, which persist after smoking cessation. There is also a nasal inflammatory response in COPD, the severity of which relates to the severity of lower airway inflammation. Similarities in upper and lower airway involvement are further reflected by a relationship between the severity of pulmonary airflow obstruction and obstruction to the nasal airway. Therefore, there seems little doubt that COPD is associated with the coexistence of nasal symptoms, airway obstruction and inflammation. However, an important point remains: does sinonasal involvement in COPD simply represent coexistent disease or can the presence of inflammation at one site in the airway affect outcomes at another? If true, this would lead to the hypothesis that nasal intervention in COPD could affect important lower airway outcomes such as lung function decline or exacerbations.
How might nasal involvement in COPD affect the lower airway? First, loss of the normal conditioning function of the nose will allow unfiltered, cold and dry air to reach the bronchi. Secondly, elegant work in asthma-rhinitis has demonstrated that application of an inflammatory stimulus to the nasal mucosa results in lower airway inflammation, 27 and vice versa, 28 mechanisms that are likely to operate via the systemic (blood) compartment such that there may be ''homing'' of inflammatory cells to the entire airway in response to inflammatory stimulation at any part of it. Thirdly, bronchoconstrictor neuronal responses may play a role, though the existence of nasobronchial reflexes remains controversial. 29 Finally, the relationship between postnasal drip and lower airway bacterial colonisation 16 suggests that direct passage of mediators or pathogens along the respiratory mucosa may be important. These concepts are summarised in fig 3. 
CLINICAL IMPLICATIONS OF NASAL INVOLVEMENT IN COPD
Two studies, in different populations, have now reported that the presence of nasal symptoms in COPD is associated with impairment to quality of life. 18 30 Both employed variants of the Sino-Nasal Outcome Test (SNOT) questionnaire, a validated disease-specific health status tool. The study of Hens et al 18 included a control population and showed that SNOT scores were significantly worse in the subjects with COPD. We examined relationships between the SNOT score and the St. George's Respiratory Questionnaire, 30 reporting a weak and statistically non-significant correlation. One explanation for this could be that the total health status burden in COPD is not fully reflected using tools that do not include an upper airway component.
The only current data relating clinically important outcomes in COPD to sinonasal involvement come from a study investigating ''treatment failure'' at exacerbation. 31 Treatment failure was defined as the need for a further physician visit with persistent respiratory symptoms requiring a change in antibiotics. A total of 232 exacerbations in 107 patients were studied and the failure rate was 15%. Intriguingly, a history of sinusitis was significantly more likely to be present in the patients who experienced one or more treatment failures than in those whose exacerbations always recovered (29% vs 9%, p = 0.009). A history of sinusitis was not associated with the presence of any of the other five variables that predicted treatment failure (exacerbation frequency, disease severity, the need for home oxygen therapy, the prescription of maintenance oral corticosteroids or a prior history of pneumonia).
These two findings-that nasal symptoms are associated with health status impairment and that the presence of sinusitis is associated with treatment failure at exacerbation-raise the hypothesis that therapeutic nasal intervention might be a novel approach to therapy in COPD. An effective nasal intervention might not only reduce nasal symptoms, and thereby improve health status, but also affect clinically important lower airway outcomes such as exacerbation frequency. At present there are no trials reporting nasal interventions in COPD. Indeed, whilst the nasal route is commonly used to deliver oxygen and administer non-invasive ventilation, there are also no studies investigating relationships between nasal inflammation and use of these treatments.
A final and attractive implication of pan-airway involvement in COPD is the opportunity to use the nose to study the lung. This is particularly important in patients with more severe COPD where it becomes difficult to justify elective endobronchial biopsy. Obtaining nasal biopsies is much less invasive, can be repeated more readily, and similarities between the pathological findings in COPD nasal and bronchial biopsies have been described above. 19 A recent study has also demonstrated that cell surface marker expression and functional responses of matched, cultured nasal and bronchial cells are similar, 32 and some of the subjects recruited to this study had COPD. This builds on earlier work demonstrating that nasal and bronchial epithelial cell cultures are of similar size and shape, and have similar growth rates and ciliary beat frequency. 33 Gene expression alterations in relation to smoking are also similar in bronchial and nasal mucosa, 34 though a small study in 20 subjects examining the presence of sputum DNA microsatellite instability failed to find such changes simultaneously in the nose. 35 
AREAS FOR FUTURE STUDY
Although there is now considerable evidence from multiple sources reporting nasal symptoms, and inflammatory and functional changes in COPD, the individual studies are relatively small and there is still the need for a definitive, larger investigation of sinonasal involvement in COPD. This should be performed across the spectrum of COPD disease severity, and comprehensively assess nasal symptoms, examination findings, inflammation, bacterial carriage, sinonasal imaging and function.
The second major unanswered question is whether it is possible to affect sinonasal involvement in COPD with nasal treatment-aiming to reduce nasal symptoms, improve quality of life and affect important lower airway outcomes such as exacerbations.
CONCLUSIONS
COPD can be associated with upper airway (sinonasal) symptoms that affect quality of life, and a nasal inflammatory process. This is not, at present, reflected in COPD guidelines. Practioners in otolaryngology might consider the diagnosis of COPD in patients with chronic rhinosinusitits, and practioners in respiratory medicine should consider identifying those COPD patients with chronic nasal symptoms. In the absence of specific intervention studies in COPD, nasal symptoms should currently be managed by reference to appropriate guidelines. 13 For those considering intervention studies, guidelines exist for the conduct of such research, 36 and it must be hoped that such studies are indeed performed given the urgent need for truly novel treatment strategies to treat this prevalent and devastating disease.
